The expression of p27 Kip1 , a negative regulator of the cell cycle, has been reported to correlate with the biological behavior and prognosis of several tumors. However, its prognostic importance in transitional cell carcinoma of the upper urinary tract (TCC-UUT) has not previously been investigated. We investigated p27
Cyclins and cyclin-dependent kinase (CDK) complexes, which play important regulatory roles during cell cycle progression (1) (2) (3) , are negatively regulated by CDK inhibitors. These inhibitors are assigned to two families on the basis of their structural and functional properties. The members of the INK4 familysuch as p16 INK4a , p15 INK4b , p18 INK4c , and p19
INK4d
each have four ankyrin repeats and form complexes with CDK and/or CDK6 and the D-type cyclins. The members of the second group of CDK inhibitors, the Cip/Kip family-which includes p21 Cip/waf1 , p27 Kip1 , and p57
Kip2
-each have an homologous amino terminal domain containing contiguous cyclin-and CDK-binding regions.
The Cip/Kip family member p27 Kip1 regulates progression from G1 into S phase by binding and inhibiting the cyclin E/CDK2 complex necessary for entry into S phase (2) (3) (4) . p27
Kip1 is present in large amounts in quiescent cells but has been found to be decreased in malignant tumors. Furthermore, a low expression of p27 Kip1 protein has been found to be associated with tumor aggressiveness and an unfavorable prognosis in several cancers, including those of the urinary bladder (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . In transitional cell carcinoma of the upper urinary tract (TCC-UUT), however, the expression of p27 Kip1 protein has not been examined for its clinical significance in predicting survival.
As a CDK inhibitor, p27 Kip1 has been considered to be a potential candidate for a tumor suppressor gene. p53, a known tumor suppressor gene, is thought to regulate cell growth and proliferation, and mutations in the p53 gene have been reported in a variety of human tumors, including approximately 40 to 60% of muscle-invasive bladder carcinomas (17) (18) (19) . In response to genotoxic stress, wild-type p53 protein is up-regulated and either induces growth arrest in G1 or triggers cell death. The current study, using an immunohistochemical approach to examine formalin-fixed, paraffinembedded, tumor-tissue sections from 132 patients with TCC-UUT, was aimed at ascertaining whether p27 Kip1 is expressed in such sections and whether its expression shows any correlation with a variety of clinicopathologic findings, with proliferating cell nuclear antigen (PCNA) immunoreactivity, with the immunoreactivity for p53 oncoprotein, and/or with clinical outcome in such patients.
MATERIALS AND METHODS
The material used comprised 132 surgically resected specimens from patients with primary TCC-UUT that had been obtained at the Mutual Aid Associations' Hospital, Tachikawa, Japan, and the National Defense Medical College Hospital, Tokorozawa, Japan, between 1970 and 1995. Their histopathologic stage was determined according to the criteria proposed by the International Union Against Cancer (20) . Tumor cells were divided histopathologically into two grades using the criteria for urinary bladder tumors of the Armed Forces Institute of Pathology (21) .
For immunohistochemistry, we used the catalyzed signal amplification system method (DAKO, Glostrup, Denmark) on deparaffinized sections, employing mouse monoclonal antibodies against p27
Kip1 protein (Tranduction Laboratories, Lexington, KY) diluted 1:100. Autoclave pretreatment in 0.1 M citrate buffer, pH 6.0, was performed for 15 minutes at 120°C. For the negative control, the incubation step with the primary antibody was omitted. Cells were considered positive when distinct nuclear staining was identified. The extent of staining was scored as low expression, indicating Ͻ50% of tumor area stained, or high expression, indicating Ն50% stained. The evaluation was performed twice by one investigator (KN), who was blind to the tumor stage and grade.
For the analysis of PCNA and on the basis of the immunoreaction in Ն1000 tumor cells, the percentage of nuclei exhibiting a positive immunoreaction (PCNA index) was determined as previously described (22) . The PCNA index was classified as high if it was Ն69%, a figure representing the median value for the carcinomas. p53 oncoprotein was evaluated immunohistochemically; the technique used and the results obtained in these same patients have been reported elsewhere (23) .
In the statistical analysis, disease-free and overall survival rates were the two main dependent variables tested in this study. Disease-free survival was defined as the period between the initial radical operation and the subsequent appearance of recurrence or metastasis. Recurrence was defined as transitional cell carcinoma (TCC) occurring anywhere in the genitourinary tract. The end point was either recurrence or metastasis of TCC or the closing date of the study, whichever came first. Overall survival was defined as the interval between surgery and death; the end point for this variable was either death or the closing date of the study.
Disease-free and overall-survival curves for the univariate analyses were assessed using the KaplanMeier method. Comparisons between survival curves were assessed using Wilcoxon and log-rank tests. Multivariate analysis of the clinicopathologic parameters was performed using the Cox stepwiseregression model. The above analyses were per- Comparisons were performed using the 2 analysis. The one case of nonpapillary noninvasive transitional cell carcinoma was excluded because of the difference in clinical course between that type of carcinoma and the other types.
formed using the SAS statistical software package (SAS Institute, Inc., Cary, NC; 24).
Comparisons between p27 Kip1 protein immunoreactivity and other tumor characteristics (see Table 1) were performed using the 2 analysis. Differences were considered significant at P Ͻ .05.
RESULTS
The patients' age at diagnosis was within the range of 34 to 84 years, with a median age of 66 years. Thirty-two of the 132 patients died as a result of their tumors 1 to 132 months after surgery (mean, 23 mo; median, 14 mo). The remainder survived 0 to 257 months after surgery (mean, 70 mo; median 64 mo). Among the 132 cases, 55 tumors (41.7%) were in the renal pelvis or calyces, 53 (40.1%) were in the ureter, and 24 (18.2%) were multicentric. Ten patients had simultaneous bladder tumors at the time of diagnosis, 30 had subsequent bladder tumors, and 7 had an antecedent bladder tumor. In all, 47 (35.6%) patients had an associated bladder neoplasm; of these, 4 had such a neoplasm at more than one of the above times and thus appear in more than one group. The initial management of the 125 patients who were not treated as having bladder cancer included complete nephroureterectomy with a bladder cuff (92 patients), nephroureterectomy without a bladder cuff (8 patients), nephroureterectomy with total cystectomy (10 patients), nephrectomy (13 patients), and urectomy (2 patients). Thirty-four patients received adjacent chemotherapy (23 patients), radiotherapy (7 patients), or both (4 patients), in addition to surgery.
The tumors were divided into six stages according to the criteria proposed by the International Union Against Cancer. Among all the patients, the one patient with a nonpapillary, noninvasive tumor (pTis) showed neither recurrence nor metastasis within the follow-up period (75 mo). Twelve of the 51 patients with a papillary, noninvasive tumor (pTa) showed recurrence (8 patients), metastasis (1 patient), or both (3 patients), but 39 developed neither recurrence nor metastasis within the follow-up period. In the 12 patients with recurrence and/or metastasis, the mean follow-up was 64 months (median, 48; range, 14 to 123), whereas the mean follow-up for patients without recurrence and metastasis was 83 months (median, 87; range, 4 to 203). Of the 80 patients with an invasive tumor (pT1, pT2, pT3, or pT4), 6 either had metastasis at surgery or had tumors that could not totally be excised by surgery, and 37 showed recurrence (8 patients), metastasis (17 patients), or both (12 patients); but the remaining 37 developed neither recurrence nor metastasis within the follow-up period. The mean follow-up for the 37 patients with recurrence and/or metastasis was 35 months (median, 15; range, 1 to 175), whereas the mean follow-up for the 37 patients without recurrence or metastasis was 59 months (median, 35; range, 0 to 257).
A positive expression of p27 Kip1 protein was recognized in 94.7% of the patients studied (seven cases showed no staining by immunohistochemistry). The expression of p27
Kip1 protein was confined to the nuclei of tumor cells and was seen frequently in all cell layers (Fig. 1A) . In the normal urothelium, expression of p27 Kip1 protein was found in all cell layers (Fig. 1B) . A positive expression of p53 oncoprotein was recognized in 27.2% of the patients. The immunoreactivity for p53 oncoprotein was confined to the nuclei of tumor cells; no cytoplas- mic staining was observed. The positive expression of PCNA was recognized in all tumors. The immunoreactivity for PCNA was confined to the nuclei of tumor cells. The PCNA index was 7.4 to 93.1% (mean and median values for PCNA index, 66.4 and 69%, respectively).
In the assessment of the relationship between the expression of p27
Kip1 protein and clinicopathologic findings, the one case of nonpapillary, noninvasive TCC (carcinoma in situ) was excluded because of the difference in clinical course between carcinoma in situ and the other types. Our examination of the relationships between the expression of p27 Kip1 protein and clinicopathologic findings, PCNA index, and the expression of p53 oncoprotein showed that the expression of p27
Kip1 protein decreased with stage and grade in all tumors (Table 1) . When the expression of p27
Kip1 protein was assessed separately for noninvasive and invasive tumors, no significant correlations were found.
In the assessment of disease-free and overall survivals, 41 cases (8 cases with simultaneous bladder tumors at the time of diagnosis, 31 cases with adjacent treatment other than surgery, and 2 cases with both) were excluded because of the difference in clinical course. Furthermore, in the assessment of disease-free survival, the 87 patients who had no metastasis at surgery and in whom the malignant tumor was excised totally by surgery were included in the analysis. In the assessment of overall survival, 90 patients were included in the analysis. Diseasefree and overall survival curves are shown in Figure  2 . The rates for a 5-year disease-free survival and a 5-year overall survival were 67.5 and 77.5%, respectively. In a univariate analysis of disease-free and overall survival rates, no correlations were found between the expression of p27
Kip1 protein and prognosis (Table 2) . Stage, grade, pattern of growth, and immunoreactivity for p53 oncoprotein all had a significant effect on each of the two survivals in all tumors. PCNA index had a significant effect on overall survival. When the expression of p27 Kip1 protein was assessed separately for noninvasive and invasive tumors, it was again found to have no effect.
Next, only those variables that appeared significant in the univariate analyses of disease-free survival (87 cases) and overall survival (90 cases) were entered into the final models of the multivariate analysis. Only stage was found to be a prognostic factor for survival (for disease-free survival, risk ratio ϭ 2.86, P ϭ .0011; for overall survival, risk ratio ϭ 3.13, P ϭ .0004).
DISCUSSION
The purpose of our investigation was to look for a possible relation between the expression of p27 Kip1 protein and clinicopathologic findings or clinical outcome in TCC-UUT. Our analysis of clinicopathologic findings revealed positive relationships between the expression of p27
Kip1 protein and both stage and grade. However, no correlation between the expression of p27
Kip1 protein and either disease-free or overall survival rate was found in the univariate analysis. Thus, the detection of p27 Kip1 protein would appear to be of little or no value in informing the prognosis in TCC-UUT, although it may be a progressive marker for TCC-UUT.
A low expression of p27 Kip1 protein has been found to be associated with tumor aggressiveness and an unfavorable prognosis in a variety of tumors, including carcinomas of the breast, stomach, colon, lung, prostate, and ovary (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . With regard to the expression of p27
Kip1 protein in TCC of the urinary tract, to our knowledge, only two reports have been published (15, 16) . Del Pizzo et al. (15) , using immunohistochemistry to examine 50 cases of TCC of the urinary bladder, reported that the expression of p27
Kip1 protein was significantly lower in the poorly differentiated tumors and was an independent predictor. However, Kuczyk et al. (16) , who used immunohistochemistry to examine 50 cases of muscle-invasive bladder carcinoma, failed to find a relationship between a low expression of p27
Kip1 protein and either disease-free or overall survival, although the expression of p27 Kip1 protein was related to stage and grade. Although it is true that there are some differences between these two studies in terms of materials (tumors of all stages vs. muscular-invasive tumors), antibodies (polyclonal antibody vs. monoclonal antibody), and the way the immunostaining was quantified (positive cell counts vs. taking "positive expression" as Ͼ1% of tumor cells stained), we cannot be sure whether this accounts for the discrepancy between the conclusions reached. In the present study of TCC-UUT, a low expression of p27
Kip1 protein was also associated with high stage and high grade. However, no correlation was found between the expression of p27
Kip1 protein and clinical outcome in our univariate analysis of disease-free and overall survival rates. On this basis, the detection of p27 Kip1 protein would appear to be of little or no value in predicting tumor progression in TCC-UUT. p27 Kip1 protein blocks progression from the G1 to the S phase of the cell cycle and is highly expressed in cells arrested at the G0 or G1 phase (2) (3) (4) . Recent reports have indicated that expression of p27 Kip1 protein is inversely related to proliferative activity (as measured using Ki-67 antibody) in cells at all stages except the G0 phase in non-small-cell lung carcinomas, endocrine tumors, and malignant lymphomas (25) (26) (27) . In the present study, no correlation was found between the expression of p27 Kip1 protein and the proliferative activity measured using PCNA antibody, which reacts with nuclei in the late G1 and S phases of the cell cycle. Likewise, in carcinomas of the breast, colorectum, and oral cavity, no correlation has been found between the expression of p27
Kip1 protein and proliferative activity (measured using Ki-67 antibody; 7, 28, 29) . These results may suggest that the mechanisms by which cellular proliferation is regulated are similar among the various tumor types examined in the above study and the present one.
The CDK inhibitor p21
Cip1 is a critical downstream effector in the p53-specific pathway for growth control in mammalian cells (30, 31) . In TCCs of the urinary bladder, several investigators have reported finding an expression of p21
Cip1 with a higher frequency in tumors with the p53 wild-type gene than in tumors with p53 mutations (32, 33) . Furthermore, Lipponen et al. (34) showed by immunohistochemical analysis that the expression of p21
Cip1 protein was related to p53 oncoprotein expression. Because p27
Kip1 belongs to the same family of CDK inhibitors as p21 Cip1 , the potential might be thought to exist for a similar relationship between p27
Kip1 and p53. In breast carcinomas, an inverse relationship between expression of p27 Kip1 protein and expression of p53 oncoprotein was found (35) . In ovarian tumors, however, a low expression of p27
Kip1 protein was not associated with p53 oncoprotein expression in a study using immunohistochemistry (14) . We also failed to demonstrate a correlation between the expression of p27 Kip1 protein and an overexpression of p53 oncoprotein in TCC-UUT.
In conclusion, the finding of a low expression of p27 Kip1 protein may be of little or no value in informing the prognosis in TCC-UUT, although there does appear to be an association with high stage and high grade. p27
Kip1 protein is mainly degraded by the ubiquitin-proteasome pathway. Recently, several investigators indicated that cyclins D and E can regulate p27
Kip1 protein levels in some cells (2, 3, 36) . Furthermore, multiple CDK inhibitors are necessary to maintain cell cycle progression in this system (37) . Therefore, further studies are needed to elucidate the interaction of p27
Kip1 protein with other cell cycle regulatory proteins and the relationship between these proteins and clinicopathologic findings or clinical outcome in TCC-UUT. PCNA, proliferating cell nuclear antigen index. a The cases with simultaneous bladder tumors at the time of diagnosis and/or adjacent treatment other than surgery were excluded because of the difference in clinical course.
b P value was not determined because of one factor.
